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BEAM POSITION MONITOR UPGRADE
FOR THE LOS ALAMOS PROTUN STORAGE RING

R. E. Shafer, G. Swain, H. A. Thiessen, and R. Macek
Los Alamos National Laboratory

G. Mackenzie and W. Rawnsley
TRIUMF

INTROOUCTION

The beam diagnostics for the Los Alamos Proton Storage
Ring (PSR) are being upgraded in several areas, including the
closed-orbit beam positiun system, the high-frequency
longitudinal and transverse beam diagnostics, and the extraction-
line beam-positon monitoring sysiem. This paper describes the
basic design of these new systems.

The PSH is a separated-function proton storage ring!
designed to accumu'ate up to 2800 turns of injecied 800-MeV
protons from LAMPF, producing an sverage circulating current
exceeding 20 A. This stored beam, up to 5 x 10'3 protons, is
then exiracied in a single tum for pulsed neutron research. The
PSR revolution frequency. 2.795 MHz, is the 72d sybharmonic
of the LAMPF beam-bunching frequency, 201.25 MHz.

The PSR rf system is a sinQle cavity operating at the
revoiution frequency. The Injecied beam is chopped so that there
are about 18 empty 201-MH2z rf buckets out of 72, ieaving a gap
of about 80 nsec in the circulating beam. The rf sysiem serves
the purpose of maintaliing ‘nis gap 8o that beam loesss can be
minimized during the sirjle-turn extraction.

Since t1he longitud..\al emittance ellipss of the injected beam
is not matchad o the .1 bucket, the injected beam undergoes a
bunch rotation during the storage cycle (synchrotron period
about 1200 usec). This causes a coherent head-to-tail variation
in the beam momentum, which in turn becomes & head-to-tail
displacement in the high dispersion areas (about 2.4 cm
per % Ap/p). This head-lo-lal dispiacement is estimated to
be sbout £ 0.3 cm, 1© be compared 10 the lotal Measured dynamic

The present closed-orbit beam-positian measuring
system? is based on detecting the 201-MHz modulation on the
injected beam. which disappears in about 10 usec, due primarily
to the momentum spread of the beam (about t 0.1%), and the
consequent spread in the revoiution frequencies. Thus, alithough
the first few turng of injecied beam is monitored with the
present system, the main body of ihe swred beam, which has
lost its 207 MHz component, is not. In order to monitor the
position of the tlored beam, the ring beam-position sysiem is
being re-designed 100 operate at the revolution fequency,
2.6 MHz,

Like the PSR, the exiraction line beam dlagnoatics also are
based on detecting the 201-MH1 component. Since the bunch
shape is only roughly conwlied by the PSR rf syslem, there is no
well-defined 201-MHz si'ucture present. The new design for
the exiracied beam-line diagnostics incorporates ballistic
Integration of the beam-bunch current signals prior 1o signal
processing, leading t0 & position centroid which is a current-
weighted average rather than being a time-sveraged Eosition.

THE CLOSED ORBNT SYSTEM

The 20 beam position monitors in the PSA ring 2 sre four-
olectiode %0-ohm striplines, each 34 cm long and 400 wide. The
rensitivity ol the pickup 10 beam dispiacement is sbout 0 66 dB
per mm of beam cispiacemen! from the center. The downsiream
ends are back-lerminaied. and the signais ‘aken off the upsiream
end. The beam signais are proponiional 10 the derivaiive of the
circulating beam current. Use of impedance-maiched stripiines
is necessary to asture allowable longitudinal and iransverse
coupling impedances at all frequenc.es likely to lead to beam

instabilities. The large stored-heam currents, up 2 60 A peak,
produce substantial beam signals in the stripline electrodes at all
harmonics of the revolution frequency.

Circuits using two signal processing techniques were
consiructed and tesied on the PSR. Synchronous detection of the
signais from the slectrodes requires mixing each electrode signal
with a local oscillator, which is phase-locked to the rf buncher
cavity. The two detected signais are then low-pass tiltered.
followed by difference-over-sum processing 10 produce an analog
signal representing the beam position.

Amplitude-to-phase modulation conversion (AM/PM),
based on a system designed at Farmilab3, was also evaluated. In
this method, the ampliiude ratio is converted 10 a phase
difference at 2.8 MHz, and the difference is measured.
in this technique. no local-oscillator signal is required.

The AM/PM circuit tested used bandpass dipiexer filters to
remove ail but the 2.8-MHz tundamental harmonic, as shown in
Figure 1. A 90-degree phase shift is oreated by a bridged "T" all.
pass ‘iiter. The signais were than split and recombined in
quadrature o convert the input-signal amplitude ratio to a phase
difference with a conversion gain ot about 6.6 degrees per dB of
input umplitude difference. Specifically, the phass shift 0 at the
output is related to the input amplituces VvV, and V. by the

0 = 2tan! (Vev) - w2,

The limiter circuit design used in the tests on the PSR
congisted of three stages of emitter-coupled-logic differennal
amplifiers with a gain of about 400. The limiter outputs were
processed with a double-balanced-mixer linear phase detector,
followed by a 400-KHz low-pass fiter. Since the final limiter
design must have & higher gain, the limiter design will probably
be based on available fast high-speed amplitude comparators such
as the Plessey SP9888S.
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FIGURE 1. Bilock diagram of the amplitude-lo-phase conversion
circuit being considered for (he new ring Closed-ordil System.

In both the diference-over-sum and AM/PM signal
processing techniques, the head-1o-tail radial beam dispiacemant
mentioned above creales some signal phass shifts which need lo be
considered. Specifically, since the beam in‘ensity siQnal and the
head-to-tail signal are both at 2.8 Mhz and in quadralure. there
is & small oMset in \he processed position signal.

Both circuits ware bu'ft and tested on \he PSR using either
siripling ofr capacitive type pickups. The analog posilion wignaly
ware filtered to remove the 5.8-MHz signal (AM/PM circut) or



the 2.8-MHz (synchronous detector circuit) signal. Both
circuits yielded ithe same absoiute position to about +J.5 mm.
Some motion 0 the horizontal position {less han 1 mm) was
observed dunng the storage cycle. This may have been due 1o
alectronic processing errors, synchrotron oscillations. or dEdx
losses in the stripper foil.

QTHER BING DIAGNOSTICS

Other beam-position pickups in the ring diagnostics
upgrade include & four-elecirode, wide-band sinpline
pickup with an 800-MHz responss, and two dual-axis
capacitive-type pickup ealectrode structures separated by
about 30 degrees of betatron phase advaice The siripline
pickup. which produces a highly dierentiated signal, will be
used lor investigation of high trequency effects, such as
longitudinal and lransverse beam microwave instabilines. The
four capacitive pickups, which are diagonally-cut cylinde-s to
pruvide a signal highly linear in beam displacement frc.n the
centeriina, are shunted with sufficient capacitance to provide
signals that are representative of the circuiating current. Thay
will be used for measuring injection steering and direction
errors Dy observation of baetalron oscillations, snergy- and
phase-injection errors by observation of synchrotron
ogcillations, turn-py-turn position measurements. evoiution of
transverse-phase-space ellipses, fractional-tune measuremant
using fast Fourier transforms, and other low-frequency

The capacitive pickup elecirodes, with shunt capacitance in
the range of 2 nF in paraliel with & 1 Megohm resisior, need to ba
impedance-matched 10 & 50-ohm transmission line by a rad-
hard active ampliifier circuit within about 30 cm of the pickup
electrodes. The present plan is 10 use &/« Amperex 7788 tetrods.
which has a ransconductance in the range of 50,000 umhos. as a
cathode follower. The cathode-folower frequency response is
expacted 10 be fiat up to about 100 MHzZ. The siripiine elctrodes
drive 50-ohm cabiles directly.

In order to minimize election-trapping and possible
secondary-eleciron emission by trapped electrons hitting the
beam pipe wal during the gap in the beam, the present (losed-
orbit stripiine electrodes wil be modificd 8o they can be biased
with a clearing teid voltage up 0 aboul 1 KV, and mantain the
50-ohm back termination. At present, there is no ciearing
elecirode system instalied in the ring. In addition, since the
presant aperture limitation seems to be in the elecirodes
themselives. the piar 18 10 increase the pickup aperture.

Tre wide-band signal processing system used with these
pickups is shown in Figure 2. High-trequency bands are down-
converted 10 & 0- 1o 75-MHz baseband with a local osciliator
phase-locked 10 the 201.MHZ injeclion modulation. A comb
fiher, with 30 10 40 0B deep noiches &t every harmonic of 2.798
MHZ, attenuates the revolution harmonics 1o allow better
measurement of the betatron sileband structure. These sigra's
are digitized in a 10-bit, 200-MHz-sample-rate trangignt
waveform digitizer with a 84k bufter memory 4 An 8-poie
75-MH2 low-pass fiter ig included 1o prevent signa! aliasing.
The large butter memory allows digitizing up to 120 usec of
beam siorage lime in the PSR. ANRer the data are digilized and
s'ored, they are transferred 10 & Micro VAX compuler tor FFT
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FIGURE 2. Biock disgram ol the high-frequency signal
processing circuil used with the lrensient wavelorm digizer
and the tast-Fourer transfor. 1 analysis

EXTBACTION LINE

“he extracted-beam pulse 1s a s..gle 270-nsec iong beam
bunch containing up tp 5 x 10'3 protons with no waell-defined
microstructure. The present beam position system, based on
detacling the 201-MHz component, will be replaced with a new
system that uses ballistic integration to derve signals
proportional to the total charge in the beam bunch. The ballistic
integration 1s followed by log-ratio processing to provide a signal
nearly linear in beam displacement from the center. A block
diagram 1s shown in Figure 3.
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FIGURE 3. Bilock diagram ol the ballistic integrator, log-rano
beam position circuit being designed lor the exiraction ling.

Ballistic integration is basically shock-excitation of a
passive, low-frequency, high-Q resonant circuit. if the penod ol
the resonant circuit is of the order of 59 times the duration of
the excitation signal (here about 270 nsec), the maximum
voltage developed across the cCircuit is independent of the delailed
lemporgi waveshape of the inslantaneous current, and dependent
only on the total charge. For the above case, wilh a team bunch
abnut 270 ngec long, an LC circuit with C « 2 nF, L = 1.26 mH,
and Q <35 provides a damped resonant signal with a period T =
10 usec. A quanter of a pefiod after passage of the beam pulse,
the voltage on the capacitor is

V.(x)= L%LJ‘I(X. 0)ds

wherd x is the beam displacement rom the center, the constant 1s
a paramaeler depending on the slectrode geometry and the beam
7elocity, and /(x.t)al(0,1)'(1 t kx) is the excitation current.
The integrated individual electrode signais are then held in a
sample-and-hold circuit and processed by two log-ralio circuits
with large ampiitude dynamic ranges.

One of the features of the ballistic integration of the
individual electrode signals prior 1o the log-raliv processing 13
that the resultant posilion signal is a current-weighted value
rather than the normal time-average value. Specifically, the
position signal is approximately of the form

f AW o, Ddt

(o) J"(U.l)dl

In accelerators where beam currents are very high and
minimization of beam lossen are imporiant, current weighted
position averages are importani consideralions.

Commaercial mingle-chip log-ratio circuits with thrae
decade. 0 5% linearity and with bandwidihs 1n the 100's of KH;
are avalable commaercially. Four-decade dynamic rangs can be
oblaingd using discrele malched-iransitior pairs in teedback
loops o! precision operational amplifiers, followsd by a



difference-ampilitier circuil with the proper temperature-
dependent gain o cancei the temperature dependence of the log
iransisiors.

The advantage o! the log-ratio circuit 1 the position
channel is 1hat it provides a signal proportiondl 10 the rawo of the
two signals, and therefore independent of the exiracted beam
charge. In addition, it 18 nearty linear in the dispiacement ot the
beam from the centeriine. To lineanze the displacement. a
computer-based lookup table will be used. The log-sum circuit
for the beam intensity signal is bas.cally a dynamic range
compressor, which can compress a three-decade dynamic range
of beam intensity into a voltage range that can be digitized by a
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